pollinators and pollination syndromes do not always coincide (e.g., Lange et al. 2000 , Castellanos et al. 2003 .
METHODS

Study Site
White River penstemon is a soboliferous, herbaceous perennial, endemic to the Uintah Basin of Utah and Colorado. It is narrowly restricted to shallow calcareous soils derived from oil shales of the Green River formation (Goodrich and Neese 1986) . The breeding system was studied at the type locality on the north bank of the White River, elevation 1520 m; pollinators were observed and collected throughout this site and at an occurrence at the former mining town of Watson (elevation 1630 m), 10.5 km to the south. Both sites encompassed several hundred plants on shale slopes of the Evacuation Creek member of the Green River formation in the Uintah Basin of east central Utah (Uintah Co.). The desert shrub plant community associated with White River penstemon at both sites included Eriogonum brevicaule var. ephedroides (Reveal) Welsh, Forsellesia meionandra (Koehne) Heller, Stipa hymenoides R. & S., Machaeranthera grindelioides (Nutt.) Shinn., and Cirsium barnebyi Welsh & Neese. The type locality is under jurisdiction of the Bureau of Land Management, and the Watson site is on private land.
Breeding System
Field studies were carried out during May and June 2005. To exclude pollinators, we bagged 1 inflorescence with unopened buds on each of 30 haphazardly selected plants, with 1-mm-mesh nylon tulle. Flowers were checked daily for receptive stigmas, indicated by the downward curving style (Straw 1956 ). Receptive stigmas were pollinated with freshly dehisced anthers, which had been removed from donor flowers with forceps. Stigma surfaces were checked with a hand lens following pollination to confirm transfer of copious pollen. One flower on each inflorescence received 1 of the following 3 treatments: (1) no manipulation (autogamy or parthenogenesis), (2) selfpollination with pollen from another flower on the same plant (geitonogamy), or (3) cross-pollination using a pollen donor at least 10 m away (xenogamy). Treatments were alternated among flowers to avoid any position effect (Lee 1988).
All flowers were bagged after treatment through anthesis. A 4th treatment, an unbagged, unmanipulated control flower at the same approximate phenological stage as the experimental flowers, was selected on a separate inflorescence, either on the same plant or, occasionally, on a nearby plant. The open-pollinated control served as a comparison with the xenogamy treatment to detect pollinator limitation. Fruit production was compared among pollination treatments using chi-square tests of independence with partitions where appropriate (Maxwell 1961) , and seed production per fruit was compared among treatments using 1-way ANOVA with Tukey's HSD comparison of means.
Insect Visitors
In 2005, we observed and collected insect visitors on flowers in both populations, usually at hourly intervals several times during the day. Our purpose was to estimate visitation rates and to collect representatives of important pollinator species for identification. We made no attempt at exhaustive collection; indeed, we tried to minimize our impact on the pollinator community. We also included a limited amount of incidental collecting from 2004. During observation periods, we recorded visitation time, visitor taxon (to the lowest level possible), and number of flowers visited on each plant. Insect specimens were later identified by T.L. Griswold and deposited in the G.E. Bohart Museum of the USDA ARS Bee Biology and Systematics Laboratory, Logan, UT.
RESULTS
Breeding System
The results of comparisons among the xenogamy, geitonogamy, and autogamy treatments (Table 1) are both clear and significant (χ 2 = 27.3, df = 2, P < 0.001). Like most species of Penstemon studied (Tepedino unpublished data) , P. scariosus var. albifluvis has mixed-mating capabilities: the species is selfcompatible, but reproductive success is greater when flowers are cross-pollinated. Significantly fewer fruits set without pollinator assistance (autogamy treatment) than in the pollinatorassisted treatments (xenogamy, geitonogamy) combined (χ 2 = 21.4, df = 1, P < 0.001). Thus, pollinators are required for maximum fruit set.
In addition, fruit set attained by outcrossing (xenogamy) was significantly greater than fruit set from pollinator-assisted selfing (geitonogamy; χ 2 = 5.86, df = 1, P = 0.02). Finally, there was no indication that fruit set was pollinator limited (xenogamy versus open-pollinated control treatment; χ 2 = 0.36, df = 1, P > 0.50).
The data for seeds per fruit agree with the fruit set data. We found significant differences in the number of seeds produced per fruit among the 4 pollination treatments (Table 1 ; F 3, 45 = 10.4, P < 0.0001). The only significant differences were between the 2 outcrossing treatments (xenogamy, open) and the 2 selfing treatments (autogamy, geitonogamy; Tukey's HSD: P = 0.05). There was no sign that fruit or seed set were limited by insufficient pollination. Thus, pollinators are required for maximum seed production. Some selfing may occur, but outcrossing produces significantly more seeds per fruit.
Insect Visitation
In our limited collections we found that Penstemon scariosus var. albifluvis flowers were primarily visited by native, solitary bees. Five genera were identified from our preliminary collections in both populations over the 2 field seasons (Table 2) . Two species are of particular interest. One, Osmia sp. ("knowltoni"), is undescribed ("knowltoni" is only intended as a temporary name within this manuscript) and is known only from Utah in Uintah and Millard Counties. Osmia (Melanosmia) may also be undescribed but because we have only 2 specimens, its identity is currently unconfirmed. Surprisingly, although bee specialists are common on other species of Penstemon (e.g., Crosswhite and Crosswhite 1966, Tepedino et al. 1999 Tepedino et al. , 2006 , there were few on P. scariosus var. albifluvis. Of the species identified, only O. brevis qualifies as a Penstemon specialist.
The other species of Ceratina and Osmia commonly visit Penstemon flowers but they also visit flowers of many other genera. Of the 12 taxa, 4 nest in the ground, 5 nest in cavities in wood, and the nesting habits of 3 are unknown.
Flowering phenology at the White River site was about 10 days ahead of the Watson site. By the time plants at Watson began to bloom, many plants at White River were done blooming. Because of time constraints, we were able to estimate visitation rates at Watson on only 2 days, so conclusions about differences between sites are premature. Typically, visitation rates to Penstemon species are high (Tepedino et al. 1999 , Wilson et al. 2006 , so the low visitation rates at White River compared to Watson were surprising. Nevertheless, visitation rates were still sufficient for each flower to be visited at least once per day on most days (Table 3) , and for fruit and seed production to be high (Table 1) .
DISCUSSION
We uncovered few surprises in our study of the breeding system and flower visitors of Penstemon scariosus var. albifluvis. First, as has been found for many other species of rare plants in the western United States (Tepedino 2000) , there was no indication that the rarity of White River penstemon has selected for self-compatibility or autogamy as a means of reproductive assurance (Jain 1976). We found that P. scariosus var. albifluvis, like other rare and common species of Penstemon (Habroanthus), has a mixed-mating system (Ramstetter and Peterson 1984 , McMullen 1998 , Tepedino et al. 1999 , Lange et al. 2000 . Plants are partially self-compatible and weakly autogamous but set significantly more seeds per fruit when outcrossed by pollinators (Table 1) . Perhaps the seeming absence of a relationship between breeding systems and reproductive assurance is due to the local abundance of many globally rare plant species (Lesica et al. 2006 ) and not to competitive disadvantage for pollinator service (Levin and Anderson 1970) . Certainly, even rare species of Penstemon commonly grow in fairly dense arrangements and many enjoy high flower visitation rates (Tepedino et al. 1999 , Wilson et al. 2006 .
Second, as befits their blue/violet hue and erect orientation on the rachis (Wilson et al.
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WESTERN NORTH AMERICAN NATURALIST [Volume 67 (Table 2 ). This could be because of our limited collecting efforts. However, the relatively low flower visitation rates (Table 3) , particularly at the White River site, also suggest that White River penstemon is visited infrequently, at least at some times or places, compared to other Penstemon species. Third, despite the low species richness of floral visitors and the low flower visitation rates to White River penstemon flowers, there was no indication that seed set was pollinator limited (Table 1) . Bee species identical or analagous to the Osmia and Anthophora species captured (Clinebell and Bernhardt 1998, Tepedino et al. 1999 Tepedino et al. , 2006 have been shown to be effective pollinators of other Penstemon species, and our results suggest that their visits to P. scariosus var. albifluvis flowers were equally effective.
Management plans to conserve White River penstemon need to recognize that full reproductive success of this rare plant relies on a full suite of pollinating bees. It is important that the richness of bee species visiting White River penstemon flowers be maintained. A plant species obtains a degree of reproductive assurance when it is visited by a variety of pollinators. This is because bee species typically exhibit large year-to-year fluctuations in abundance (Tepedino and Stanton 1981 species are frequently out of phase with one another; that is, fluctuations in abundance are not necessarily correlated among species; indeed, they may be compensatory. Kremen et al. (2002) , for example, have shown that the important native bee pollinators of watermelon differed from year to year on organic farms in California, and that bee diversity was instrumental in ensuring adequate pollination. Kremen (2005) has suggested that at least 2 processes help stabilize pollination services: high species richness-especially important when variation of species' abundances is due to random effects (the portfolio effect)-and density compensation (inverse correlations in population numbers between some species). The greater the diversity in nesting and foraging habits among bee species visiting flowers, the more likely these stabilizing processes are at work. In the suite of species visiting White River penstemon are both xylophilous and fossorial species, generalists and relative specialists, the combination of which strongly supports the stabilization of pollination services. As oil and gas mining in the Uintah Basin proceeds, care must be taken not only to preserve extant populations of the White River penstemon, but also the nesting habitat and secondary floral resources of its pollinators (Tepedino et al. 1997 ).
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